This paper provides casual evidence on early-life exposure to war on mental health status in adulthood. Using an instrumental variable strategy, the evidence indicates that early-life exposure to bombing during the American war in Vietnam adversely affects mental health in adulthood. A one percent increase in bombing intensity increases the likelihood of severe mental distress in adulthood by 14 percentage points (or approximately 40 percent of the mean) and this result is robust to a number of alternative specifications. These findings add to the evidence on the enduring consequences of conflict.
Introduction
Wars and armed conflicts pose a serious threat to the development process of economies. In particular, it is estimated that 250 million children live in conflict affected regions and make up nearly half the 65 million people currently displaced by war (UNICEF, 2016; UNHCR, 2016) . Living in fragile, conflict-affected areas can have debilitating effects on children. Due to food shortages, disruptions in provision of health care, children exposed to conflicts are twice as likely to be undernourished as children in low and middle income countries (World Bank, 2011) . However, there is limited research examining the long-term health effects of early-life exposure conflict.
In this paper we examine the long-run effects of being born and growing up during conflict on mental health during adulthood. The American bombing campaign in Vietnam was one of the largest in the history of warfare that caused millions of casualties and displaced millions more (Hirschman et al., 1995) . Using unique data collected on mental health in Vietnam and an instrumental variable strategy to correct for the endogenous placement of bombings, we find that early-life exposure to the bombing campaign caused significant poor mental health in adulthood. A one percent increase in bombing intensity increases the likelihood of severe mental distress in adulthood by 14 percentage points (or approximately 40 percent of the mean) and this result is robust to a number of alternative specifications. This paper makes a number of contributions. It contributes to the literature that examines long-lasting health effects of exposure to conflict, particularly in early childhood. For example, studies find that relative to children in less-affected areas, children in areas more affected by conflict have lower height-for-age z-scores (Akbulut-Yuksel, 2014; Akresh et al., 2012; Bundervoet et al., 2009; Minoiu and Shemyakina, 2014) . Additionally, recent studies find early-life exposure to conflict during WWII to adversely affect health in adulthood in a number of dimensions such as probability of having a stroke, hypertension, cardiovascular disorder and diabetes (Akbulut-Yuksel, 2017 , Kesternich et al., 2014 . Similar to our results, Kesternich et al. (2014) also find experiencing WWII increased the probability of suffering from depression. We add to this literature by examining the link between conflict and later life mental health in the context of the American war in Vietnam.
The paper also contributes to the study of the determinants of mental health. Depressive disorders, one of the most common forms of mental illness, are estimated to affect more than 300 million people worldwide (WHO, 2017) . As of 2010 depressive disorders were the second leading cause of years lived under disability and accounted for 3% of disability-adjusted life years worldwide (Ferrari et al., 2013) . Given substantial economic benefits of improving mental health -to the individual, and to the society in general -mental health has been included in the post-2015 Sustainable Development Goals.
1 Yet, little is understood how early life circumstances may contribute to mental health status during adulthood.
Existing studies have examined the effects of contemporaneous changes in socio-economic conditions such as exposure to financial crisis (Friedman and Thomas, 2009) ; labor market conditions (Marcus, 2013) ; natural disasters (Paxon et al., 2012) ; access to social protection (Baird et al., 2013; Chen and Wang, 2016) ; and changes in migration policies (Stillman et al., 2009; Venkataramani et al., 2017) . With relation to conflict, studies find that participation in (or exposure to) conflict during adulthood may have adverse affects on mental health (Do and Iyer, 2012; Brattia et al., 2016) . The results of this paper show that in addition to contemporaneous circumstances, early-life conditions can play an important role in determining adult mental health.
The paper also contributes to the broader literature on the importance of early-life circumstances for human capital accumulation and adult outcomes (Almond and Currie, 2011; Almond et al. 2017 ). This literature finds living conditions during the first 1000 days (up to the age of 5, including in-utero) to be a key determinant of a wide range of later life outcomes, such as educational attainment, health, wages and criminal activity. Closer to this study, Adhvaryu et al. (2016) find that children born in coffee growing areas in Ghana during good coffee price years have better mental health status during adulthood.
Finally, this paper also contributes to the literature on the lasting effects of the war in Vietnam. The initial work of Miguel and Roland (2011) finds that at the Vietnamese economy recovered by the end of the 20th century. However, adverse effects can persist at the individual level. In line with the work presented here, Palmer et al. (2016) find disability rates to be higher in regions that experienced greater destruction during the war.
The rest of the paper is organized as follows. In Section 2, we describe the American war in Vietnam. We discuss the data in Section 3 followed by the identification strategy in Section 4. In Section 5, we describe our results and examine heterogeneous treatment effects. In Section 6 we discuss the mechanisms and additional analysis and finally, we conclude in section 7.
Background
The French colonial rule over Vietnam ended with the Indochina War (1946) (1947) (1948) (1949) (1950) (1951) (1952) (1953) (1954) 1965 -1975 (Hirschman et al., 1995 .
Data
This study combines data from two sources -one for war intensity in Vietnam and the other on mental health. We proxy war intensity by bombing activities of the United States Air Force and Navy during [1965] [1966] [1967] [1968] [1969] [1970] [1971] [1972] [1973] [1974] [1975] in Vietnam. Bombing intensity is defined as per capita total quantity of U.S. bomb, missiles and rockets dropped per square km. The data are available at the level of the district and are provided by Miguel and Roland (2011) .
The data on depressive symptoms and other household and individual characteristics come from data collected under the 2016 wave of the Vietnam Access to Resources Household Survey (VARHS hereafter; see CIEM 2015) . The VARHS is a long-running panel survey conducted every second year since 2006 among rural households in 12 provinces of Vietnam. We combine these data with a sample of approximately 1,000 households that were surveyed along with the VARHS households (using the same survey instrument).
2 Both the samples are independently representative at the level of the province.
Mental health is measured using the 10-item Center for the Epidemiological Studies of Depression short form (CES-D). The CES-D is one of the main scales used to measure depressive symptoms internationally and a number of studies show that it strongly predicts clinical diagnoses of depression and anxiety disorders. 3 A higher score reflects a higher probability of having depression. Further, a score of 10 and above (out of a maximum of 30) is used as an indicator for the likelihood of having severe depression. The CES-D was administered to the the primary respondent of the household -the household head or his/her spouse in most cases. Since the focus of this paper is on the effects of exposure to war in early-life, we restrict the sample to those respondents who were aged 5 or below during the war, i.e. those born during 1960-1975. Summary statistics are presented in Table 1 . Unfortunately the VARHS does not provide information on place of birth. We assume district of current residence to be the same as that of birth and are able to match 112 districts in the VARHS provinces to the district level bombing intensity data of Miguel and Roland (2011) .
The analysis sample consists of 1412 individuals. The average score on the CES-D is 8 for the sample and that 34 percent of the sample exhibits symptoms of severe depression. Figure  A1 in the appendix depicts the distribution of the CES-D scores for the sample. Overall, 35 percent of the sample is female and 30 percent are an ethnic minority (non-Kinh). 4 During the American bombing campaign in Vietnam, on average 25 bombs, missiles and rockets were dropped per square kilometer in the survey districts during 1965-75. The average pre-war population density was 94.91. The average precipitation during the war years was 153 centimeters and the average temperature was 23.6 Celsius. The districts are equally distributed across former North and South Vietnam.
[ Table 1 about here]
Estimation strategy
In order to estimate the effect of bombing density on the prevalence of depressive symptoms, the following linear regression framework could be used:
where, Y icj is the outcome measure for individual i, of birth cohort c and residing in district j. The intensity of bombing in district j during the period 1965-1975 is represented by the variable B j . The vector X icj are individual level characteristics such as gender and ethnicity. The vector Z j represents district level characteristics such as the pre-war population, average rainfall and temperature during the war years and an indicator variable for whether the district was located in South Vietnam or not. We also include birth cohort fixed effects, λ c , to account for any unobserved factors that might affect of mental health of all individuals in a particular birth cohort. Finally, icj corresponds to a random error term. In all the tables reported in this paper we allow for arbitrary correlation at the level of the district by clustering the standard errors at the district level.
Under the specification in equation 1, the coefficient of interest is β, which indicates the effect of bombing density on the prevalence of depressive symptoms. However, the estimated β could be biased as the bombings were not random. Specifically, endogeneity concerns could arise due to omitted variables. Therefore, we use an instrumental variable approach to correct for the endogeneity problem. Following Miguel and Roland (2011) we use distance from the centroid of each district to the 17th parallel north latitude as the instrument for the density of bombing in that district. The corresponding first stage regression is the following:
where the distance from the centroid of district j to the 17th parallel north latitude is given by the variable Dist j . The instrument is highly correlated with the intensity of bombing as most of the fighting occurred near the border. The instrument is exogenous as the 17th parallel north latitude was set as the border between the former northern and southern Vietnamese governments by the 1954 Geneva Accords which were a result of negotiations between the the United States and the Soviet Union. The border was determined without regard to prevailing socio-economic conditions or consultations with the Vietnamese (Miguel and Roland, 2011) . It is difficult of think of ways in which distance to 17th parallel north latitude maybe related to indicators of mental stress other than by affecting the intensity of bombing during the individual's early-life years.
Before we proceed with estimating the causal effects of conflict on mental health, we first check the validity of the instrument. The corresponding first stage regression of equation 2 are shown in Table A2 in the appendix. The results clearly show that distance from the 17th parallel is strong, significant predictor of bombing intensity.
It is important to point out some caveats. First, the results could be biased due to selective mortality during the conflict. To the extent that stronger, healthier children are more likely to survive, our estimates are an underestimate of the true effects. 5 We can check the extent of the bias by testing if the district-level birth cohort size varies with the bombing intensity. Birth cohort size is not only a good proxy for post-conflict mortality but encompasses the effects of fertility, infant and adult mortality during the conflict period as well (Meng et al., 2015; Akbulut-Yuksel, 2017) . We find that bombing intensity does not have an effect on cohort size, indicating that selective mortality during the conflict may not be inducing a bias in our results.
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Second, people could have migrated during or after the war. Unfortunately, we do not have information on the district of birth and have to proxy this by the current district of residence. However, note that the results are only affected by the extent of inter-district migration. We know if the household head or spouse were born in the same commune. As robustness check we limit our sample to only those households where either the household head or spouse were born in the commune of current residence and re-estimate the main results of Table 2 (this is the case for 77% of the sample). Results presented in Table A3 in the appendix show that the effects are similar. 
Results

Main results
We begin investigating the effects of conflict in early-life on adult mental health by estimating equation 1. The results are presented in Table 2 . The dependent variable in the first column is the log of the score on the CES-D index. In the second column the dependent variable is an indicator for severe mental stress that takes the value 1 if the score on the CES-D index is greater than or equal to 10. As shown in the both the columns, exposure to conflict in early life has no effect on mental health during adulthood.
[ Table 2 about here]
However, as discussed in Section 4, these results could be biased due to the non-random nature of the intensity of bombings during the American war in Vietnam. We correct for this using an instrumental variable approach where the intensity of bombing in a district during 1965-75 is instrumented by the distance from the centroid of the district to the 17th parallel north latitude. The results from these regressions are reported in columns 3 and 4 of Table 2 . Column 3 shows that after the the IV correction, the conflict has a positive and significant effect on mental health. We find that a 1 percent increase in bombing during childhood increases adult CES-D score by approximately 24 percent.
Further, the result in column 4 indicates that exposure to conflict in early life also increases the probability of being severely depressed in adulthood. For severe distress, 1 percent increase in bombing leads to a 14 percentage point increase in severe distress. Given a sample mean of 34 percent, this translates into a 41 percent increase. This impact is comparable to other studies examining the role of early-life circumstances in determining mental health in adulthood. For example, Adhvaryu et al. 2016 find that a one standard deviation increase in cocoa prices reduced the likelihood of severe distress among adults in Ghana by 50 percent of the mean.
Overall, the results suggest that being in utero or growing up during conflict significantly increases the risk of depressive symptoms in adulthood and contribute to our understanding of long-term health effects of conflict. As discussed in Section 1, (Akbulut-Yuksel (2017) and Kesternich et al. (2014) find early-life exposure to conflict leads to cardiovascular complications and diabetes in old age. Our results could both be a manifestation of poor health status or help explain these related health effects.
Results in Table 2 point to the importance of several control variables as well. Females have a higher score on the CES-D but are not more likely to be severely depressed. This gender difference is in line with other studies such as Lei et al. (2014) for mid-aged and elderly in China. Mental health in also better if the average temperatures during childhood were lower, if the respondent lives in the former South Vietnam and further north.
The results are robust to different specifications. First, we check if the results are driven by postwar province-specific policies or availability of resources. To account for this we include interactions of province dummies with linear year of birth time trend. As results presented in columns 5 and 6 of Table 2 show, the estimates are similar in both magnitude and statistical significance. Second, we check whether the results are driven a particular component of the index. We estimate the effect of bombing intensity on each individual component of the CES-D index and find that this is not the case (Table A4 in the appendix). Third, while the analysis has been presented at the individual level, the results also hold if we conduct it at the district level. These results are presented in Table A5 in the appendix. Finally, we also find that the effects on severe depression are similar if we use a probit specification instead of linear regressions (Table A6 in the appendix).
Heterogeneity
Having shown that early-life exposure to conflict causes higher prevalence of depressive symptoms during adulthood among affected cohorts, it is instructive to analyze whether these effects differ by gender or ethnicity.
[ Table 3 about here]
Panel A of Table 3 presents the results for the long-term effects of war on mental health separately for men and women. Column 1 shows that, on average, a 1 percent increase in the amount of bombing in Vietnam leads to a 25 percent increase in depressive symptoms among males. Turning to column 2 we find that it also increases the likelihood of severe mental distress in adulthood by 15 percentage points among males. This is almost half the mean prevalence of severe mental distress among males (prevalence is 32 percent). Columns 3 and 4 show the corresponding analysis for females. Overall, while we find similar effects on females, the magnitudes are slightly smaller -a 1 percent increase in the amount of bombing increases depressive symptoms by 21 percent and the likelihood of severe mental distress by 16 percentage points (over an average of 36 percent) for females.
In Panel B of 
Discussion
Mechanisms
We find that exposure to greater conflict in early life is associated with higher depressive symptoms during adulthood in Vietnam. We have argued that the primary channel for this effect are adverse circumstances faced during the formative years. Conflict could have lowered household income and/or resulted in psychological stress, both directly or indirectly via injury or death of a family member. Malnutrition, especially during the fetal stage, has been linked lower adult mental health in a number of studies (Almond and Mazumdaer, 2011; Neugebauer et al., 1999; Adhvaryu et al., 2016; see Lumey et al. 2011 for a review). Similarly, using administrative data from Sweden, Persson and Rossin-Slater (2016) find that in-utero exposure to maternal stress from the death of a close relative leads to depression in adulthood. We are unable to comment on the relative importance of these two sub-channels due to lack of information on the structure of the household at birth. However, we can rule out alternative explanations such as contemporary access to health care and exposure to other shocks.
[ Table 4 about here]
First, differences in current mental well-being across districts could be due to unequal access to health care. For instance, the war could have affected everyone equally but lower availability of health care during the post-war years in the more bombed districts could result in higher incidence of depressive symptoms. We check if this is the case by using household distance to the nearest hospital as a proxy for access to health care. As results reported in column 1 of Table 4 indicate that unequal access to health care do not explain our results.
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Next, we check if differences in current mental well-being are due to systematic differences in exposure to contemporary shocks. We have information on household exposure to three types of shocks in the two years preceding the survey: (i) natural shocks such as flooding, drought, typhoons, etc.; (ii) economic shocks such as changes in crop or food prices, unemployment, theft, etc.; and (iii) serious illness, injury or death of a household member. Our outcomes variables in columns 2-4 of Table 4 are dummy variables that take the value 1 if the household was exposed to these categories of shocks. As the results indicate, we do not find households of adults exposed to more conflict in early life to be more susceptible to shocks.
Finally, we also check if our results could be driven by differences in household size. In column 5 of Table 4 we find that this is not the case.
Other related health outcomes
In this section we check if early-life exposure to conflict also affected adult health in a number of other dimensions. Respondents were asked how often in the 30 days preceding the survey, they (i) had difficulty sleeping, (ii) did not feel like eating, (iii) had bodily aches and pains, and (iv) had difficulty remembering things. The responses are coded on a scale of 1 to 4
9 While there are no differences in the availability of health care, take-up could be low due to stigma associated with seeking help for mental-health related issues. Das et al. (2009) find, that across a number of developing countries, individuals with poor mental health are more likely to utilize existing health services. Furthermore, we have no reason to suspect that this varies systematically across districts.
(none of the time, some of the time, most of the time, and all the time) such that a higher number indicates worse health outcomes. Effects on these measures are reported in columns 1-4 of Table 5 . We find that while these is no effect on appetite, those with a greater exposure to conflict are more likely to experience bodily aches and pains, and have difficulty sleeping and remembering things. Lastly, we assess effects on overall satisfaction with health status and find no adverse long-term effects (column 5, Table 5 ).
10 Taken together, these results provide some evidence of a more general adverse effect of early-life exposure to conflict on adult health.
[ Table 5 about here]
Conclusion
In this paper we examine how adverse shocks in early life can have long-lasting consequences. In the context of the American bombing campaign in Vietnam during 1965-75, we find that children aged 5 or below during the war report higher depressive symptoms in adulthood.
The paper adds to the evidence on the long-term risks to children exposed to conflict. Through no fault of their own, children living in fragile and conflict-affected states are denied a chance to learn and develop the necessary skills to become fully functional members of society. Results presented here highlight that ensuring a safe environment for children to grow in is paramount for their lifelong physical and mental well-being. Unfortunately with continuing conflict all over the world, not all children are exposed to such secure environments during their formative years. One policy implication could be to prioritize provision of healthcare in post-conflict societies, not only to adults but also to children (Addison et al., 2016) . Mental healthcare can be integrated into such health programs in order to address mental health and psychosocial needs of the affected population. Furthermore, in doing so, effort should also be made to de-stigmatize mental health issues. 
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Notes: Controls include proportion of district land in different altitude and soil categories. All regressions include cohort fixed effects. Standard errors clustered at the district level are reported in parentheses. * significant at 10%,** significant at 5%,*** significant at 1%. Notes: This table reports linear regression estimates described in the text. Controls include pre-war population (province), district level average rainfall and temperatures during the war, a dummy for Former South Vietnam, and proportion of district land in different altitude and soil categories. Standard errors clustered at the district level are reported in parentheses. * significant at 10%,** significant at 5%,*** significant at 1%. Notes: This table reports probit regression estimates for severe stress. Controls includeproportion of district land in different altitude and soil categories. All regressions include cohort fixed effects. Standard errors clustered at the district level are reported in parentheses. * significant at 10%,** significant at 5%,*** significant at 1%.
